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Abstract
© 2018  American  Physical  Society.  By  using  a  bottom-up  reconstruction  technique  for
nonminimally  coupled  scalar-tensor  theories,  we  realize  the  Einstein  frame  attractor
cosmologies in the Ω(φ)-Jordan frame. For our approach, what is needed for the reconstruction
method to work is the functional form of the nonminimal coupling Ω(φ) and of the scalar-t-
-tensor ratio, and also the assumption of the slow-roll inflation in the Ω(φ)-Jordan frame. By
appropriately choosing the scalar-to-tensor ratio, we demonstrate that the observational indices
of the attractor cosmologies can be realized directly in the Ω(φ)-Jordan frame. We investigate
the special conditions that are required to hold true in for this realization to occur, and we
provide the analytic form of the potential  in the Ω(φ)-Jordan frame. Also,  by performing a
conformal transformation,  we find the corresponding Einstein frame canonical  scalar-tensor
theory, and we calculate in detail the corresponding observational indices. The result indicates
that although the spectral index of the primordial curvature perturbations is the same in the
Jordan and Einstein frames, at leading order in the e-foldings number, the scalar-to-tensor ratio
differs.  We discuss  the  possible  reasons  behind  this  discrepancy,  and  we  argue  that  the
difference is due to some approximation we performed to the functional form of the potential in
the Einstein frame, in order to obtain analytical results, and also due to the difference in the
definition of the e-foldings number in the two frames, which is also pointed out in the related




[1] D. S. Gorbunov and V. A. Rubakov, Introduction to the Theory of the Early Universe: Cosmological Perturbations
and Inflationary Theory (World Scientific, Singapore, 2011), p. 489.
[2] A. Linde, Inflationary cosmology after Planck 2013, arXiv:1402.0526.
[3] D. H. Lyth and A. Riotto, Particle physics models of inflation and the cosmological density perturbation, Phys.
Rep. 314, 1 (1999). PRPLCM 0370-1573 10.1016/S0370-1573(98)00128-8
[4] R. Kallosh and A. Linde, Universality class in conformal inflation, J. Cosmol. Astropart. Phys. 07 (2013) 002.
JCAPBP 1475-7516 10.1088/1475-7516/2013/07/002
[5] S. Ferrara, R. Kallosh, A. Linde, and M. Porrati, Minimal supergravity models of inflation, Phys. Rev. D 88,
085038 (2013). PRVDAQ 1550-7998 10.1103/PhysRevD.88.085038
[6] R. Kallosh, A. Linde, and D. Roest, Superconformal inflationary (Equation presented)-attractors, J. High Energy
Phys. 11 (2013) 198. JHEPFG 1029-8479 10.1007/JHEP11(2013)198
[7] M. Galante, R. Kallosh, A. Linde, and D. Roest, Unity of Cosmological Inflation Attractors, Phys. Rev. Lett. 114,
141302 (2015). PRLTAO 0031-9007 10.1103/PhysRevLett.114.141302
[8] S. Cecotti and R. Kallosh, Cosmological attractor models and higher curvature supergravity, J. High Energy
Phys. 05 (2014) 114. JHEPFG 1029-8479 10.1007/JHEP05(2014)114
[9] J. J. M. Carrasco, R. Kallosh, and A. Linde, (Equation presented)-attractors: Planck, LHC and dark energy, J. High
Energy Phys. 10 (2015) 147. JHEPFG 1029-8479 10.1007/JHEP10(2015)147
[10] A. Linde, Single-field (Equation presented)-attractors, J. Cosmol. Astropart. Phys. 05 (2015) 003. JCAPBP 1475-
7516 10.1088/1475-7516/2015/05/003
[11] D. Roest and M. Scalisi, Cosmological attractors from a-scale supergravity, Phys. Rev. D 92, 043525 (2015).
PRVDAQ 1550-7998 10.1103/PhysRevD.92.043525
[12] R. Kallosh, A. Linde, and D. Roest, Large field inflation and double (Equation presented)-attractors, J. High
Energy Phys. 08 (2014) 052. JHEPFG 1029-8479 10.1007/JHEP08(2014)052
[13] Z. Yi and Y. Gong, Nonminimal coupling and inflationary attractors, Phys. Rev. D 94, 103527 (2016). PRVDAQ
2470-0010 10.1103/PhysRevD.94.103527
[14] Q. Gao and Y. Gong, Reconstruction of extended inflationary potentials for attractors, arXiv:1703.02220.
[15] Z. Yi and Y. Gong, Inflationary attractors from nonminimal coupling, EPJ Web Conf. 168, 06003 (2018). EWCPBI
2100-014X 10.1051/epjconf/201816806003
[16] R. Kallosh and A. Linde, Planck, LHC, and (Equation presented)-attractors, Phys. Rev. D 91, 083528 (2015).
PRVDAQ 1550-7998 10.1103/PhysRevD.91.083528
[17] E. V. Linder, Dark energy from (Equation presented)-attractors, Phys. Rev. D 91, 123012 (2015). PRVDAQ 1550-
7998 10.1103/PhysRevD.91.123012
[18] S. D. Odintsov and V. K. Oikonomou, Inflationary (Equation presented)-attractors from (Equation presented)
gravity, Phys. Rev. D 94, 124026 (2016). PRVDAQ 2470-0010 10.1103/PhysRevD.94.124026
[19] S. D. Odintsov and V. K. Oikonomou, Inverse symmetric inflationary attractors, Classical Quantum Gravity 34,
105009 (2017). CQGRDG 0264-9381 10.1088/1361-6382/aa69a8
[20] R. Kallosh, A. Linde, and D. Roest, Universal Attractor for Inflation at Strong Coupling, Phys. Rev. Lett. 112,
011303 (2014). PRLTAO 0031-9007 10.1103/PhysRevLett.112.011303
[21] K. Dimopoulos and C. Owen, Instant preheating in quintessential inflation with (Equation presented)-attractors,
arXiv:1712.01760.
[22] A. Karam, T. Pappas, and K. Tamvakis, Frame-dependence of higher-order inflationary observables in scalar-
tensor theories, Phys. Rev. D 96, 064036 (2017). PRVDAQ 2470-0010 10.1103/PhysRevD.96.064036
[23] T. Miranda, J. C. Fabris, and O. F. Piattella, Reconstructing a (Equation presented) theory from the (Equation
presented)-attractors,  J.  Cosmol.  Astropart.  Phys.  09  (2017)  041.  JCAPBP  1475-7516  10.1088/1475-
7516/2017/09/041
[24] G. Narain, On the renormalization group perspective of (Equation presented)-attractors, J. Cosmol. Astropart.
Phys. 10 (2017) 032. JCAPBP 1475-7516 10.1088/1475-7516/2017/10/032
[25] K. Nozari and N. Rashidi, Perturbation, non-Gaussianity, and reheating in a Gauss-Bonnet (Equation presented)-
attractor model, Phys. Rev. D 95, 123518 (2017). PRVDAQ 2470-0010 10.1103/PhysRevD.95.123518
[26] K. Dimopoulos and C. Owen, Quintessential inflation with (Equation presented)-attractors, J. Cosmol. Astropart.
Phys. 06 (2017) 027. JCAPBP 1475-7516 10.1088/1475-7516/2017/06/027
[27] A. Kuiroukidis, Inflationary (Equation presented)-attractors and (Equation presented) gravity, Int. J. Mod. Phys.
A 32, 1750152 (2017). IMPAEF 0217-751X 10.1142/S0217751X17501524
[28] A. A. Starobinsky, A new type of isotropic cosmological models without singularity, Phys. Lett. B 91, 99 (1980).
PYLBAJ 0370-2693 10.1016/0370-2693(80)90670-X
[29] J. D. Barrow and S. Cotsakis, Inflation and the conformal structure of higher order gravity theories, Phys. Lett. B
214, 515 (1988). PYLBAJ 0370-2693 10.1016/0370-2693(88)90110-4
[30] F. L. Bezrukov and M. Shaposhnikov, The standard model Higgs boson as the inflaton, Phys. Lett. B 659, 703
(2008). PYLBAJ 0370-2693 10.1016/j.physletb.2007.11.072
[31] S. D. Odintsov and V. K. Oikonomou, Reconstruction of slow-roll (Equation presented) gravity inflation from the
observational indices, Ann. Phys. (Amsterdam) 388, 267 (2018). APNYA6 0003-4916 10.1016/j.aop.2017.11.026
[32] N.  Deruelle  and M.  Sasaki,  Conformal  equivalence in  classical  gravity:  The example of  '  veiled'  general
relativity, Springer Proc. Phys. 137, 247 (2011); SPPPEL 0930-8989 10.1007/978-3-642-19760-4
[33] M. Li, Generating scale-invariant tensor perturbations in the non-inflationary universe, Phys. Lett. B 736, 488
(2014); PYLBAJ 0370-2693 10.1016/j.physletb.2014.08.008
[34] M. Li Erratum, Phys. Lett. B 747, 562 (2015); PYLBAJ 0370-2693 10.1016/j.physletb.2015.06.021
[35] J. O. Gong, J. c. Hwang, W. I. Park, M. Sasaki, and Y. S. Song, Conformal invariance of curvature perturbation, J.
Cosmol. Astropart. Phys. 09 (2011) 023. JCAPBP 1475-7516 10.1088/1475-7516/2011/09/023
[36] D. I. Kaiser, Frame-independent calculation of spectral indices from inflation, arXiv:astro-ph/9507048;
[37] G. Domenech and M. Sasaki, Conformal frames in cosmology, Int. J. Mod. Phys. D 25, 1645006 (2016); IMPDEO
0218-2718 10.1142/S0218271816450061
[38] D. J. Brooker, S. D. Odintsov, and R. P. Woodard, Precision predictions for the primordial power spectra from
(Equation  presented)  models  of  inflation,  Nucl.  Phys.  B911,  318  (2016);  NUPBBO  0550-3213
10.1016/j.nuclphysb.2016.08.010
[39] D. I. Kaiser, Primordial spectral indices from generalized Einstein theories, Phys. Rev. D 52, 4295 (1995).
PRVDAQ 0556-2821 10.1103/PhysRevD.52.4295
[40] P. Kuusk, M. Runkla, M. Saal, and O. Vilson, Invariant slow-roll parameters in scalar-tensor theories, Classical
Quantum Gravity 33, 195008 (2016). CQGRDG 0264-9381 10.1088/0264-9381/33/19/195008
[41] S. Capozziello, M. De Laurentis, R. Farinelli, and S. D. Odintsov, Mass-radius relation for neutron stars in f(R)
gravity, Phys. Rev. D 93, 023501 (2016). PRVDAQ 2470-0010 10.1103/PhysRevD.93.023501
[42] S. Capozziello, S. Nojiri, S. D. Odintsov, and A. Troisi, Cosmological viability of f(R)-gravity as an ideal fluid and
its  compatibility  with  a  matter  dominated  phase,  Phys.  Lett.  B  639,  135  (2006).  PYLBAJ  0370-2693
10.1016/j.physletb.2006.06.034
[43] S. D. Odintsov and V. K. Oikonomou, Big-bounce with finite-time singularity: The (Equation presented) gravity
description, Int. J. Mod. Phys. D 26, 1750085 (2017). IMPDEO 0218-2718 10.1142/S0218271817500857
[44] S. Bahamonde, S. D. Odintsov, V. K. Oikonomou, and M. Wright, Correspondence of (Equation presented)
gravity singularities in Jordan and Einstein frames, Ann. Phys. (Amsterdam) 373, 96 (2016); APNYA6 0003-4916
10.1016/j.aop.2016.06.020
[45] F.  Briscese,  E.  Elizalde,  S.  Nojiri,  and S.  D.  Odintsov,  Phantom scalar  dark  energy  as  modified  gravity:
Understanding  the  origin  of  the  big  rip  singularity,  Phys.  Lett.  B  646,  105  (2007);  PYLBAJ  0370-2693
10.1016/j.physletb.2007.01.013
[46] A. Y. Kamenshchik, E. O. Pozdeeva, S. Y. Vernov, A. Tronconi, and G. Venturi, Transformations between Jordan
and Einstein frames: Bounces, antigravity, and crossing singularities, Phys. Rev. D 94, 063510 (2016). PRVDAQ
2470-0010 10.1103/PhysRevD.94.063510
[47] S.  Bahamonde,  S.  D.  Odintsov,  V.  K.  Oikonomou,  and P.  V.  Tretyakov,  Deceleration versus  acceleration
universe in different frames of (Equation presented) gravity, Phys. Lett. B 766, 225 (2017). PYLBAJ 0370-2693
10.1016/j.physletb.2017.01.012
[48] S. Nojiri, S. D. Odintsov, and V. K. Oikonomou, Modified gravity theories on a nutshell: Inflation, bounce and
late-time evolution, Phys. Rep. 692, 1 (2017). PRPLCM 0370-1573 10.1016/j.physrep.2017.06.001
[49] S. Nojiri and S. D. Odintsov, Unified cosmic history in modified gravity: From F(R) theory to Lorentz non-
invariant models Phys. Rep. 505, 59 (2011). PRPLCM 0370-1573 10.1016/j.physrep.2011.04.001
[50] S. Nojiri and S. D. Odintsov, Introduction to modified gravity and gravitational alternative for dark energy,
eConf C 0602061, 06 (2006); 10.1142/S0219887807001928
[51] S.  Nojir i  and  S.  D.  Odintsov  Int.  J .  Geom.  Methods  Mod.  Phys.  04,  115  (2007).  0219-8878
10.1142/S0219887807001928
[52] S. Capozziello and M. De Laurentis, Extended theories of gravity, Phys. Rep. 509, 167 (2011). PRPLCM 0370-
1573 10.1016/j.physrep.2011.09.003
[53] V. Faraoni and S. Capozziello, Beyond Einstein gravity: A survey of gravitational theories for cosmology and
astrophysics, Fundam. Theor. Phys. 170 (2010). 10.1007/978-94-007-0165-6
[54] A. de la Cruz-Dombriz and D. Saez-Gomez, Black holes, cosmological solutions, future singularities, and their
thermodynamical  properties  in  modified  gravity  theories,  Entropy  14,  1717  (2012).  ENTRFG  1099-4300
10.3390/e14091717
[55] S.  Nojiri  and S.  D.  Odintsov,  Quantum dilatonic  gravity  in  ((Equation  presented))-dimensions,  ((Equation
presented))-dimensions and ((Equation presented))-dimensions, Int. J. Mod. Phys. A 16, 1015 (2001). IMPAEF
0217-751X 10.1142/S0217751X01002968
[56] A. Y. Kamenshchik and C. F. Steinwachs, Question of quantum equivalence between Jordan frame and Einstein
frame, Phys. Rev. D 91, 084033 (2015). PRVDAQ 1550-7998 10.1103/PhysRevD.91.084033
[57] M.  S.  Ruf  and C.  F.  Steinwachs,  Quantum equivalence of  (Equation presented)-gravity  and scalar-tenso-
-theories, Phys. Rev. D 97, 044050 (2018). PRVDAQ 2470-0010 10.1103/PhysRevD.97.044050
[58] L. Jarv, K. Kannike, L. Marzola, A. Racioppi, M. Raidal, M. Rnkla, M. Saal, and H. Veerme, Frame-Independent
Classification of Single-Field Inflationary Models, Phys. Rev. Lett.  118, 151302 (2017). PRLTAO 0031-9007
10.1103/PhysRevLett.118.151302
[59] J. J. Levin, Kinetic inflation in stringy and other cosmologies, Phys. Rev. D 51, 1536 (1995). PRVDAQ 0556-2821
10.1103/PhysRevD.51.1536
[60] D. I. Kaiser and E. I. Sfakianakis, Multifield Inflation after Planck: The Case for Nonminimal Couplings, Phys. Rev.
Lett. 112, 011302 (2014). PRLTAO 0031-9007 10.1103/PhysRevLett.112.011302
[61] S. Tsujikawa and B. Gumjudpai, Density perturbations in generalized Einstein scenarios and constraints on
nonminimal couplings from the cosmic microwave background, Phys. Rev. D 69, 123523 (2004). PRVDAQ
0556-2821 10.1103/PhysRevD.69.123523
[62] F. Bezrukov, A. Magnin, M. Shaposhnikov, and S. Sibiryakov, Higgs inflation: consistency and generalisations, J.
High Energy Phys. 01 (2011) 016. JHEPFG 1029-8479 10.1007/JHEP01(2011)016
[63] D. I. Kaiser, Conformal transformations with multiple scalar fields, Phys. Rev. D 81, 084044 (2010). PRVDAQ
1550-7998 10.1103/PhysRevD.81.084044
[64] J.  White,  M.  Minamitsuji,  and  M.  Sasaki,  Curvature  perturbation  in  multi-field  inflation  with  non-minimal
coupling, J. Cosmol. Astropart. Phys. 07 (2012) 039. JCAPBP 1475-7516 10.1088/1475-7516/2012/07/039
[65] P. A. R. Ade (Planck Collaboration), Planck 2015 results. XX. Constraints on inflation, Astron. Astrophys. 594,
A20 (2016). AAEJAF 0004-6361 10.1051/0004-6361/201525898
[66] P. A. R. Ade (BICEP2 and Keck Array Collaborations), Improved Constraints on Cosmology and Foregrounds
from BICEP2 and Keck Array Cosmic Microwave Background Data with Inclusion of 95 GHz Band, Phys. Rev.
Lett. 116, 031302 (2016). PRLTAO 0031-9007 10.1103/PhysRevLett.116.031302
